The objective of this study was to investigate the effects of inulin [as topinambur (Helianthus tuberosus L.) powder] on in vitro rumen fermentation of diets containing hay and pelleted concentrate for sheep (approximately 60:40%) in artificial rumen (the RUSITEC system). The RUSITEC system consisted of six fermentation vessels. Topinambur powder was added at levels of 0.2, 0.4, 0.6, 0.8 and 1.0 g/day into the five fermentation vessels while the last one served as a control (without having any topinambur powder). The results showed that the addition of topinambur powder up to 1.0 g/day reduced NH 3 -N concentration significantly (p<0.05). However, the other basal parameters of rumen fermentation (pH, short-chain fatty acid production and organic matter digestibility) examined in this study were not significantly affected by the addition of topinambur powder. These results indicated that inulin has the potential to improve ruminal nitrogen utilization.
Introduction
For many years, ruminant nutritionists and microbiologists have been interested in manipulating the microbial ecosystem of the rumen to improve production efficiency by domestic ruminants. Much of the research in the past 20 to 25 years has focused on the effects of antimicrobial compounds on ruminal fermentation. Ionophore antibiotics, such as monensin and lasalocid, have been used extensively to improve rumen fermentation (1) . Due to the emergence of microbes resistant to antibiotics that are used to treat human and animal infections, the European Commission decided to phase out, and ultimately ban since 1 January 2006, the marketing and use of antibiotics as growth promoters in animal feed. For this reason, attention has recently shifted to natural feed additives as a safe means for modifying ruminal fermentation. Because prebiotics are used for a long time in human medicine for improving intestinal microbial balance, it would be of interest to examine the suitability of inulin as a feed additive in ruminant nutrition.
Inulin is a polydisperse non-starch polysaccharide naturally occurring as a storage carbohydrate in some 36,000 plant species. The main sources of inulin are chicory and topinambur (Helianthus tuberosus L.). Inulin consists of chains of fructose units coupled by β (2,1)-bonds most often (though not always) terminated by a single glucose moiety. The degree of polymerization (dp) of inulin ranges from 2 to 60 and above and depends mainly on the type of plant from which it is isolated (3, 8) . Due to their β (2,1)-bonds, inulin is resistant to enzymatic hydrolysis in the upper gastrointestinal tract of humans and monogastric animals. When undigested inulin reaches the colon it is fermented by colonic microflora, which causes selectively stimulating the growth of certain groups of bacteria. Therefore, inulin is considered the archetypal prebiotic (6, 15, 19, 21) . A prebiotic is defined as "a nondigestible food ingredient that beneficially affects the host by selectively stimulating the growth and/or activity of one or a limited number of bacteria in the colon and thus improves host health" (7) . Inulin is used successfully in monogastric animals, but not in ruminants. The process of fermentation that occurs in the colon of monogastric animals is essentially identical to that occurs in the forestomachs of ruminants. At present, few studies have investigated the direct effects of inulin on rumen metabolism.
The aim of the present experiment is to evaluate the effects of inulin on rumen metabolism in vitro.
Materials and Methods

Incubation technique
The study was carried out using the rumen simulation technique (RUSITEC) described by Czerkawski and Breckenridge (5) . The experiment consisted of 6 plexiglass 1-L vessels (fermentors) maintained at constant temperature (39°C). The nominal volume in each vessel was 750 mL. The vessels were inoculated on d 1 with liquid (gauze-filtered) and solid rumen contents taken from 2 rumen cannulated adult donor sheep that were maintained on a diet of hay and concentrates. Animals had free access to hay, water, and a vitamin-enriched salt lick. The same dietary components were used for in vitro fermentation trials. The chemical composition of the experimental diet is presented in Table 1 . Each vessel was loaded with 2 nylon bags (pore size, 150 µm). At the start of the trial, one bag was filled with 80 g of solid rumen contents (fresh weight) and the other with the daily diet, a mixture of 5 g of hay and 4 g of pelleted concentrate. The nylon bag with solid rumen contents was replaced after 24 h of incubation with a bag containing the diet. The feed bag was changed after 48 h so that 2 bags were always present. This gave a retention time of 48 h for feed. When the bag was being changed, the vessels were flushed with nitrogen to maintain anaerobic conditions. The liquid flow through the vessels was maintained by continuous infusion of a buffer solution of pH 8.12 with 307 mosm/L at a rate of 750 mL/d. The buffer composition is presented in Table 2 . 
Experimental procedure
In vitro incubation trial lasted for 18 days and was divided into three periods: an equilibration, a control and an experimental period. The first 8 days period represented an equilibration period (to achieve steady state conditions) and the following 5 days were used to determine basic parameters of ruminal fermentation under control conditions without addition of topinambur powder. The last 5 days served as the experimental period. In this last period topinambur powder was added at levels of 0.2, 0.4, 0.6, 0.8 and 1.0 g/day into the five fermentation vessels, while last one served as a control without having any topinambur powder.
For the investigation of inulin on rumen fermentation in vitro, topinambur powder (Lohmann Animal Health, Cuxhaven, Germany) was used as an inulin source. Topinambur (Helianthus tuberosus L.) is storing inulin in its tubers as energy providing compound. So the main carbohydrate in topinambur tubers is inulin, composing 80-90% of the solid content (18) .
Analytical procedures and samplings
The pH values were measured daily in each vessel at the time of feeding using a pH electrode (Typ 408 and Pt 4805-S7/120, Mettler Toledo, Steinbach, Germany) connected to a Knick pH meter (digital pH meter 646, Knick, Berlin, Germany). Liquid effluent was collected daily and samples were taken for analyses of short-chain fatty acids (SCFA) and NH 3 -N. The overflow flasks were placed into ice to stop microbial activity and preserve fermentation products. An aliquot of effluent was centrifuged at 40,000 × g for 20 min at 4°C. The resulting supernatant was acidified with 0.1 mL of 98% formic acid and then centrifuged at 4000 × g for 10 min at 4°C, then it was analyzed for SCFA by gas chromatography (model 5890 II, Hewlett Packard, Böblingen, Germany) equipped with a 1.8 m × 2 mm glass column packed with Chromosorb WAW (mesh 80/100) with 20% neopentyl glycol succinate and 2% ortho phosphoric acid. Helium was used as a carrier gas with a flow rate of 25 mL/min. Injection port, detector, Means within the same row with different superscript differ (p<0.05).
and oven temperatures were 220, 250, and 130°C, respectively. Daily production rates of SCFA were estimated by multiplying the respective concentration by the volume of effluent collected. Ammonia N was measured using the steam distillation method of Kjeldahl (20) . The ruminal digestibility of organic matter (OMD) was analyzed using the technique described by Orskov et al (16) .
Statistical analyses
The means of values from treatments were compared by one-way analysis of variance (Sigmastat 3.1; Systat Software, Erkrath, Germany). The tables show the group means and the standard division (± SD). When the differences in treatment means were significant at the probability level of p<0.05, they were compared by using Duncan's multiple range test.
Results
In this study, the addition of topinambur powders up to 1.0 g/day to a hay : concentrate (60% : 40%) diet did not have any effects on the basal parameters of rumen fermentation in vitro except for NH 3 -N concentration ( Table 3) .
The ruminal pH values were in the normal range (7.06 ± 0.04 and 7.09 ± 0.03) in both control period and control fermenter. Addition of different doses of topinambur powders caused no statistically significant effects (p= 0.37) on ruminal pH. Productions of individual (acetate, propionate and butyrate) and total SCFA were not significantly effected by addition of topinambur powders (p>0.05). A trend toward lower NH 3 -N concentrations was noticed after all doses of topinambur powder; however, this decrease was only significant (p<0.05) after dose 0.4 and 0.6 g/day. Addition of 0.4 and 0.6 g/day topinambur powder reduced NH 3 -N concentration by 6 and 7%, respectively, compared to the control fermenter. The digestibility of organic matter was not statistical (p = 0.67) influenced by topinambur powders.
Discussion and Conclusion
Topinambur, where the tubers contain high proportions of the fructan 'inulin', is known as a precursor of a prebiotic in dairy products for human nutrition and as a feed for piglets while studies in ruminants are very limited so far (9, 12) . However, current opinion contends that inulin can be digested and metabolized in the rumen ecosystem (4) . In the present experiment, no clear effect of inulin on ruminal pH was noticed, in spite of relatively high doses of topinambur powders. This result can be explained by two mechanisms. Firstly, the microbial breakdown of polymeric fructans to fructose is a relatively slow process (2) . A relatively slow release of fructose is desirable in order to avoid a rapid drop in pH. Secondly, the Rusitec system used in this study was buffered with the high buffer capacity solution and may not have been appropriate to study the effect of inulin on ruminal pH. The reason of unaffected production rates of SCFA could also be explained by slow ruminal breakdown of inulin.
When compared with the control fermenter, topinambur powders resulted in a deacresed ruminal NH 3 -N concentration. The finding from this study agreed with Biggs and Hancock (2), Lee et al. (13) and Öztürk and Breves (17) . The fermentation of carbohydrates affects nitrogen metabolism in the rumen. It has been reported that ammonia concentration in the gut lumen can be reduced by active carbohydrate fermentation, which stimulates the bacterial requirement for nitrogen due to an enhanced growth (11) . The decreased NH 3 -N concentration in the rumen can be attributed to a decreased proteolysis, an increased absorption of NH 3 -N from the rumen, an increased turnover rate of rumen fluid and a decreased NH 3 -N utilization by the rumen microorganisms (10) . In the Rusitec system NH 3 -N concentration is determined only by the protein breakdown and by the NH 3 -N utilization of rumen microorganisms. The decrease in NH 3 -N concentration might have been the result of increased incorporation of ammonia into microbial protein.
The digestibility of organic matter was not statistically influenced by the addition of inulin powders. Two main different pathways of metabolic activity can be maintained by organic matter degradation in rumen microbes (14) . Firstly, the growth rate of the microorganisms determined by microbial protein synthesis, and secondly, fermentation rate determined by SCFA production. Since the digestibility of organic matter was unchanged in the presence of topinambur powders, the lower ammonia concentrations were indicators that the added inulin was preferably digested by the rumen microflora as additional substrates for metabolic purposes.
In vitro NH 3 -N reducing effect of inulin could be of great value in increasing microbial growth and avoiding accumulation of ammonia in the rumen in vivo. Moreover, additional research is necessary to clarify the potentially beneficial effects of inulin on rumen metabolism.
